Objective: To report the changing incidence, clinical presentation, microbiologic spectrum, and outcomes of pyogenic liver abscess (PLA) in Olmsted County, Minnesota, over the past 35 years. Patients and Methods: The Rochester Epidemiology
T he epidemiology of pyogenic liver abscess (PLA) in the United States is not clearly known. Pyogenic liver abscess is more prevalent in Asian countries and is endemic in some parts of Asia, such as Taiwan, where its annual incidence is 17.6 cases per 100,000 population. 1 In contrast, the incidence is lower in Europe and Canada, ranging from 1.1 to 2.3 cases per 100,000 population per year. [2] [3] [4] Similarly in the United States, the estimated incidence based on a nationwide inpatient sample database was 3.6 cases per 100,000 population per year. 5 That study has limitations, such as (1) lack of diagnosis confirmation because patient records were not manually reviewed and (2) inability to assess a change in PLA incidence. Inability to confirm the diagnosis of PLA through manual record review may have resulted in an overestimate of incidence rates.
Pyogenic liver abscess occurs secondary to bacterial, parasitic, or fungal infection. Microbes gain access to the liver parenchyma via a hematogenous or biliary route, through contiguous spread from adjacent organs, or from direct microbial inoculation after a hepatobiliary procedure or operation. The most common route of acquiring PLA is unclear for patients who have not undergone hepatobiliary procedures. 2, 4, [6] [7] [8] Whether the epidemiologic factors of PLA have changed over time is also not known. The objectives of this study were to determine the incidence of PLA over the past 35 years in a US populationebased cohort and compare the trends in underlying risk factors, clinical presentation, microbial spectrum, treatment modalities, and death due to PLA.
PATIENTS AND METHODS

Study Design
Population-based epidemiologic research can be conducted in Olmsted County, Minnesota, because medical care is effectively selfcontained in the community, with 2 major health care providers (Mayo Clinic and Olmsted Medical Center) serving almost the entire population. 9 The system and infrastructure that collect, collate, and index patientlevel data are composed in the Rochester Epidemiology Project (REP), which has been supported since 1966 by the National Institute on Aging of the National Institutes of Health. Because of this unique linkage system, Olmsted County is one of the few areas in the United States where accurate populationbased studies can be conducted. In this study, we used REP to help define the epidemiologic factors of liver abscess in the Olmsted County population.
Study data were collected and managed with the Research Electronic Data Capture tool hosted at Mayo Clinic in Rochester, Minnesota. 10 Research Electronic Data Capture is a secure web application designed to support data capture for research studies, providing an intuitive interface for validated data entry, audit trails for tracking data manipulation and export procedures, automated export procedures for seamless data downloads to common statistical packages, and procedures for importing data from external sources.
After approval of the institutional review boards of Mayo Clinic (IRB# 16-001465) and Olmsted Medical Center (IRB# 009-OMC-16), REP was used to identify all Olmsted County residents with a diagnosis of PLA from January 1, 1980, through December 31, 2014. Among potential cases, the diagnosis was defined by meeting the following criteria: (1) clinical symptoms of the underlying infection, (2) imaging study of the abdomen exhibiting characteristic lesions in the liver that are suggestive of PLA, and (3) aspiration or drainage of pus from the PLA cavity or blood cultures positive for organism with characteristic liver abscess on imaging. Among patients without aspiration of the PLA cavity and with negative blood culture results, we considered clinical and radiologic response to antibiotic therapy on follow-up scans as diagnostic for PLA. The first documented date of the imaging study depicting the liver abscess was considered the date of diagnosis. For patients with positive culture results, multidrug resistance (MDR) was defined as organism resistance to 2 or more classes of antimicrobial agents. 11, 12 To observe any change in trends of PLA over the past 35 years, we defined 2 periods: January 1, 1980, through December 31, 2000 (period 1); and January 1, 2001, through December 31, 2014 (period 2). The period before January 1, 1980, was excluded because high-quality abdominal imaging was usually not available. Because hepatobiliary interventions may have increased during the 2 decades, we analyzed the data with and without patients who had PLA after an intervention (total n¼87): endoscopic retrograde cholangiopancreatography (ERCP) (n¼10 [11.5%]), radiofrequency ablation (RFA) or transarterial chemotherapy embolization (TACE) for hepatocellular carcinoma (n¼3 [3.4%]), and liver transplant (n¼2 [2.3%]).
Study Variables
The complete inpatient and outpatient medical records were extracted to collect the following variables: date of birth, sex, race, and age at diagnosis. Clinical variables were recorded, such as fever (temperature >100.9 F), chills, abdominal pain, malaise or fatigue, weight loss, diarrhea, jaundice, hepatomegaly, and altered mental status. The diagnostic work-up included laboratory investigationsdhemoglobin level, white blood cell count, aspartate transaminase level, alanine transaminase level, alkaline phosphatase level, total bilirubin level, and direct bilirubin leveldas well as radiographic imaging details (eg, imaging type), location and size of the abscess, and culture growth from blood and abscess aspirate. Details of antibiotic therapies, drainage (eg, percutaneous aspiration, placement of drainage catheters, and number of drainage catheters), and surgical procedure (eg, procedure type and postoperative complications) were documented. Various outcomes on follow-up were assessed, including recurrence of liver abscess, new diagnosis of malignant tumors, and death. Death certificates were reviewed for cause of death. Through careful review of linked medical records, patients were monitored from the time of PLA diagnosis until death or date of the last clinical visit to a health care system in the community.
Statistical Analyses
Age-and sex-specific incidence rates per 100,000 person-years (PYs) in Olmsted County were calculated for each period by using the number of persons with incident PLA as the numerator and the age-and sexspecific counts of the population of Olmsted County for the 2 periods as the denominator (counts were from the Olmsted County census, with linear interpolation between census years). Rates were age-and sexadjusted to the total white population structure of the United States in 2010. The 95% CIs were calculated for these rates by assuming a Poisson error distribution. Poisson regression models were used to evaluate the association of age, sex, and time period with incidence rates. All interactions between the 3 variables were assessed, and the likelihood ratio test was used to compare this full model with the model of main effects. Demographic characteristics, risk factors, and organisms of PLA were compared between the 2 periods using either the chi-square test or the Fisher exact test, as appropriate. Death due to PLA was estimated using the Kaplan-Meier method with a competing risk of nonePLA-related death, and Cox proportional hazards regression was used to evaluate predictors of PLArelated death. A P value less than .05 was considered statistically significant. All analyses were completed using SAS version 9.4 (SAS Institute Inc). ; the mean age was 63AE17.5 years. The overall age-and sexadjusted incidence of PLA was 2.9 cases per 100,000 PYs (95% CI, 2.2-3.9 cases per 100,000 PYs). Figure 1 displays the annual age-and sex-adjusted incidence rates of PLA in Olmsted County between January 1, 1980, and December 31, 2014. Table 1 summarizes the demographic and clinical characteristics of the patients.
RESULTS
During
Incidence of PLA
The age-and sex-adjusted incidence was 2.09 cases per 100,000 PYs (95% CI, 1.26-2.93 cases per 100,000 PYs) in period 1 and 3.63 cases per 100,000 PYs (95% CI, 2.58-4.68 cases per 100,000 PYs) in period 2 ( Table 2 ). After adjustment for sex and year of diagnosis, older patients were at higher risk of PLA development than were younger patients (per 1-year increase in age incidence rate ratio [IRR], 1.05; 95% CI, 1.04-1.07; P .001). No significant association was found between incidence rates of PLA and year of diagnosis after adjustment for age and sex (per year since 1980: IRR, 1.02; 95% CI, 0.99-1.05; P¼.13). The age-adjusted incidence for women was 1.87 cases per 100,000 PYs (95% CI, 1.15-2.59 cases per 100,000 PYs); for men, it was 3.92 cases per 100,000 PYs (95% CI, 2.76-5.09 cases per 100,000 PYs), with men at higher risk of PLA than women (IRR, 2.3; 95% CI, 1.40-3.69; P<.001, with adjustment for age and year of diagnosis). The risk of PLA was significantly higher in period 2 than in period 1 for women (IRR, 3.80; 95% CI, 1.43-10.09; age-adjusted, P¼.007), but no difference was seen between the 2 time periods for men (IRR, 0.99; 95% CI, 0.55-1.76; ageadjusted, P¼.96).
On comparing the periods after inclusion of 15 patients with postintervention PLA (ERCP [n¼10], RFA [n¼2], TACE [n¼1], and liver transplant [n¼2]), we found that the incidence rate changed to 2.3 cases per 100,000 PYs (95% CI, 1.4-3.2 cases per 100,000 PYs) in period 1 and to 4.49 cases per 100,000 PYs (95% CI, 3.33-5.65 cases per 100,000 PYs) in period 2. Furthermore, a significant association was found between incidence rates of PLA and year of diagnosis after adjusting for age and sex (per year since 1980: IRR, 1.04; 95% CI, 1.02-1.07; P<.001).
Presentation and Imaging
On comparing periods 1 and 2, we found that patients more commonly presented with chills (n¼23, 88.5% vs n¼30, 65.2%; P¼.03) diarrhea (n¼4, 15.4% vs n¼1, 2.2%; P¼.03) and hepatomegaly (n¼8, 30.8% vs n¼3, 6.5%; P¼.006) in period 1. Presenting clinical features are summarized in Supplemental Table 2 , available online at http://www.mayoclinicproceedings. org). A comparison of the 2 periods found no significant difference in causative organisms, with Streptococcus milleri being the most common organism in both periods, followed by Klebsiella and E coli. However, MDR organisms were more frequently isolated in period 2 than in period 1 (51% vs 14%; P¼.005).
After inclusion of 15 patients with postintervention PLA, the most common organisms isolated were S milleri (n¼38 [52.8 -(52.8% if based on 72 pts)%]), Klebsiella (n¼16 [22.2%]), and E coli (n¼12 [16.7%] ). No significant difference was found in the organisms isolated in the 2 periods, even after inclusion of patients who had interventions.
Of the 11 patients with no organism identified, 5 had negative results from liver abscess and blood cultures, 5 had negative blood culture results alone, and 1 had negative liver abscess culture results alone. Among the culture-negative patients, 10 had received preceding antibiotic therapy as empirical treatment. Only 1 patient without any preceding antibiotic therapy had a true culture-negative infection in accordance with liver abscess and blood cultures.
Treatment
Fourteen patients (19.4%) were treated with antibiotics alone and 1 (1.4%) received no treatment because of terminal illness. The most common route of antibiotic administration was intravenous (86%). Along with antibiotic therapy, 58 patients (80.6%) had abscesses drained with percutaneous aspiration (n¼20 [27.8%]), percutaneous catheter drainage (n¼31 [43.1%]), and surgical drainage (n¼11 [15.5%] ). Four patients required surgical drainage after percutaneous catheter drainage because of persistent abscess. There was no difference in the mean duration of antibiotic treatment in the setting of surgical vs nonsurgical drainage (4.5AE2.5 weeks vs 6.2AE3.3 weeks; P¼.07). Recurrence of abscess was seen in 4 patients (5-year incidence, 4.4%) and was more often seen in period 2 than in period 1 (5-year incidence, 6.9% [95% CI, 0%-14.1%] vs 0%).
Temporal Trends in PLA-Related Death
The median follow-up duration was 8.8 years (range, 78 days to 30.8 years); 25% had follow-up for less than 4.5 years, and 75% were monitored for up to 15.8 years. The overall mortality rate of PLA was 16.8% (95% CI, 7.6%-25.0%) at 6 months. The 6-month mortality rate of PLA was 23.1% (95% CI, Incidence is age-adjusted to the population structure of the US white population in 2010. c Incidence is age-and sex-adjusted to the population structure of the US white population in 2010.
5.1%-37.7%) in period 1 vs 13.1% (95% CI, 2.8%-22.3%) in period 2 ( Figure 2) . No significant difference was found in PLA-related death between the 2 time periods (hazard ratio [HR], 1.94; 95% CI, 0.62-6.0; P¼.25). On comparing the periods after including 15 patients with postintervention PLA, we found that the 6-month mortality rate changed to 27.6% (95% CI, 9.3%-42.2%) in period 1 and to 15.5% (95% CI, 5.7%-24.3%) in period 2, with no significant difference between them (HR, 1.97; 95% CI, 0.76-5.10; P¼.16).
In univariate Cox model analysis, multiple risk factors were associated with PLA-related death ( Table 4 ) had a higher risk of death than did those with fewer than 3 risk factors (HR, 10.37; 95% CI, 1.33-80.40; P¼.02).
DISCUSSION
The present study reports that the incidence of PLA has increased more than 2-fold during the past 35 years in this US population of Olmsted County. The incidence of PLA increased steadily across all age groups and in women. The incidence rate was 2.9 cases per 100,000 PYs between January 1, 1980, and December 31, 2014. This rate was higher than that of some of the earlier population-based studies from Western countries, 2-4,13 but it was lower than that of East Asian countries (eg, Taiwan). 1, 14, 15 Biliary disease was the most common underlying risk factor for PLA. The most common organism isolated from abscess cultures was S milleri. With the increasing prevalence of liver abscess, we also noted a marked increase in infection by organisms with MDR in the past 2 decades. We observed high 6-month mortality rates associated with PLA. Various risk factorsdbiliary disease, systemic malignancy, and immunosuppressiondwere associated with an increased risk of death.
Several population-based studies from different countries have shown increasing incidence of PLA in the past few decades. 1, 2, 5, 14 In a population-based study from Denmark, Indicates obstruction of biliary drain (n¼4), biliary enteric an anastomotic stricture (n¼1), biliary obstruction postoperative of biliary bypass (n¼1), and pancreatic mass obstructing biliary duct (n¼1).
Jepsen et al 3 found that PLA incidence increased from 0.6 to 1.8 cases per 100,000 PYs from 1977 to 2002. Similarly, Meddings et al 5 reported an incidence rate increase from 2.7 to 4.1 cases per 100,000 PYs from 1994 to 2005. However, this study by Meddings et al 5 was conducted with a national inpatient sample database and had several shortcomings, including misclassification of diagnosis codes, cultures, or procedures and therefore may not reflect the true incidence. Moreover, causes for increased incidence could not be ascertained. In Taiwan, the estimated incidence increased from 10.8 to 15.4 cases per 100,000 PYs between 2000 and 2011.
14 The present study reports similar trends, with increasing PLA incidence over 35 years. This global increase in PLA incidence might be explained by changes in such factors as introduction of interventions (eg, ERCP, RFA, and TACE), increased prevalence of liver transplant, organisms with MDR, and predisposing medical conditions. Previous studies have found an association between ERCP, RFA, TACE, and liver transplant and development of PLA. 2, 5, 16 In the present study, after including patients who underwent some sort of intervention or liver transplant, the incidence rate significantly increased in the recent period (P<.001), suggesting that increased frequency of these procedures or liver transplant may have caused the incidence rates to increase. Interestingly, we did not find a statistically significant difference in the frequency of interventions between period 1 and period 2 (10% vs 20%), probably because of the small sample size. In addition, the expansion of antibiotic-resistant organisms that cause PLA may contribute to the increasing incidence.
Similar to a previous study by Huang et al, 16 we observed an increased resistance of PLA-causing organisms to antibiotics across time. Although the increasing prevalence of MDR organisms may not lead to a higher incidence of PLA by itself, increased exposure of patients to such organisms could be an important factor leading to development of PLA. For instance, increasing hepatobiliary interventions with routine prophylactic antibiotics may not protect against resistant organisms and lead to PLA. This increase in resistance becomes an important factor for PLA development in light of increasing hepatobiliary interventions in a more recent era, as routine prophylactic antibiotics may not protect against resistant organisms. Another explanation may be the change in epidemiologic factors of the underlying risks. For instance, previous studies have reported an association between biliary diseases, malignancy, immunosuppression, and cardiovascular disease and increased risk of PLA. 2, 17 We could not confirm these risk factors in the present study.
In this study, most patients with PLA presented with abdominal pain, fevers, and chills. On examination, hepatomegaly was the most common finding. However, this classic presentation was more common in period 1 than in period 2. The difference in presentation could be explained by more frequent use of CT in recent years, leading to earlier diagnosis of PLAs. Another explanation could be more widespread antibiotic use, which may mask symptoms in patients with PLAs.
Multiple previous studies from North America have described Streptococcus as the most common organism causing PLA. 2, 5 Klebsiella and E coli are the other commonly identified microorganisms. In a study by Meddings et al, 5 Streptococcus was isolated from 30% of patients with PLA and Klebsiella from 9%. Another study from Canada by Kaplan et al 2 found a slightly higher incidence of Streptococcus (44%), Klebsiella (27%), and E coli (16%) infections. Our results are similar to those of Kaplan et al, 2 with 52.5% Streptococcus (subspecies milleri), 25% Klebsiella, and 16% E coli isolated from PLAs. This difference in organisms across studies is likely secondary to the difference in study designs. In contrast, Klebsiella is a more common cause of PLA in East Asian countries, such as Taiwan and Hong Kong. 1, 14, 15 These differences in microbiologic spectrum are unclear, but are postulated because of the high prevalence of virulent Klebsiella strains in patients living in Asia and a high prevalence of diabetes mellitus in Taiwan. 18 Although PLA incidence has increased over decades, our study finds that the type of causative organism detected in PLA has not changed in the past 3 decades. However, a shift has occurred in the trend in antibiotic-resistant organisms, with increasing prevalence in more recent years. In their previous study, Huang et al 16 reported that the percentage of antibiotic-resistant organisms cultured from PLAs was 25% in 1993. As observed in the present study, antibioticresistant organisms increased from 14% to 51% as the cause of PLA in the past 3 decades. This trend reflects frequent and prolonged use of broad-spectrum antibiotics for patients with infections.
The introduction of percutaneous aspiration of abscess, along with antibiotic use, has changed the management of PLA. 19 Percutaneous drainage under ultrasonography or CT guidance has been established as the therapy of choice for PLA. Various randomized controlled trials suggest the superiority of percutaneous aspiration over surgical drainage. [20] [21] [22] Similarly, we observed higher rates of percutaneous aspiration than surgical drainage. In addition, we noticed an increased rate of percutaneous aspiration, from 19% in period 1 to 33% in period 2, whereas surgical drainage decreased from 23% to 11%. In contrast to previous US studies that reported rates ranging from 4% to 9% for surgical resection and from 50% to 70% for percutaneous aspiration, we observed increased rates for both therapies (16% and 80%). 2, 5 In PLA management, antibiotic therapy without drainage has a high mortality rate. 23 In our study, of the 14 patients (20%) who did not undergo aspiration, 5 (36%) died within 3 months of PLA diagnosis. Better outcome after percutaneous aspiration of the abscess may be related to better source control as well as to more accurate identification of the causative organism and determination of antibiotic susceptibility.
Interestingly, the present study found that the 6-month mortality rate of PLA was 17%, which is slightly higher than that in previous studies (2%-15%). 1, 2, 4, 5, 14 This discrepancy could be due to method of ascertainment of death. We reviewed and confirmed the cause of death for each patient through death certificate review in comparison to other studies that used administrative databases in which medical record review was usually not possible. Our observations of mortality rates are similar to those of the population-based study from Denmark that reported a 30-day PLA-related mortality rate of 19%. 3 In comparison across the 2 periods in our study, we found that mortality rates associated with PLA were numerically smaller in 2001 to 2014 than in 1980 to 2000, suggesting a better diagnosis and management of PLA in recent years.
The main strength of this study is its population-based design. The well-established collaboration between the major health care The predominant population of Olmsted County is white, which may limit the generalizability of our findings.
CONCLUSION
Our population-based study reported that PLA is more common in men than in women. The incidence of PLA has increased over the past 35 years in Olmsted County, likely because of increasing frequency of hepatobiliary interventions in the setting of a higher prevalence of MDR organisms. However, PLA-related mortality rates have numerically decreased over this period.
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